Organic light-emitting diodes (OLEDs) and organic photo-diodes (OPDs) have been expected to be applied in optical interconnects because of their low-cost fabrication process and flexibility 1 . 2 In addition, high-luminance blue OLEDs are required to realize the efficient signal transmission in the optical interconnect. Furthermore, blue OLEDs also can be used as an excitation source to organic films for realizing organic solid-state laser, 3 and as fluorescence sensors to monitor environmental or biochemical processes in vitro and in vivo. 4 However, blue OLEDs were widely reported to have relatively low luminance efficiencies due to the large energy band-gap of blue emission materials, which inhibits the carrier injection after applying the bias voltage 567 . 8 Some approaches to facilitating the carrier injection to the blue emission material have been investigated, such as the use of the low work-function cathode 9 , 10 of the high-mobility electron transport material, 11 and of the host-guest system as a light-emitting layer (EML) 1213 . 14 Moreover, a short fluorescence lifetime (FL) of the EML is necessary to achieve the fast transient response of the OLED.
In this paper, we have investigated the FL of the DSB doped 4,4'-bis(9-carbazolyl)biphenyl (CBP) film as a function of the doping concentration. Furthermore, by utilizing DSB in CBP as the EML of the OLED, current density-voltage-luminance characteristics and transient responses of devices were evaluated under DC and high-frequency sine wave voltages, respectively. We have also studied the frequency dependence on the photoluminescence (PL) intensity of the DSB film.
We measured FLs of 100 nm DSB doped CBP films with different concentrations.
The FL was measured under second harmonics (peak wavelength = 380 nm) from a high-repetition-rate Ti: Sapphire femtosecond laser, and the radiated PL was captured with a streak camera. Mono-exponential fitting was employed to derive the FL.
Using DSB doped CBP as the EML, we fabricated two devices. and it decreases with extra amount of fluorescent dye in the host due to the effect of concentration quenching. 15 The shortest FL of the blend film can reach 1.2 ns at the DSB concentration of 0.5-mol% . However, the FL starts to decrease after a certain DSB concentration of 4.0-mol% . We assume that the exciton interaction between the nearest neighbor acceptor molecules may be responsible for the fluorescence quenching.
Figure 2 also shows the relationship between the current efficiency at the current density of 100 mA/cm 2 and the DSB concentration in CBP. We found that the change in the concentration of DSB in CBP affects the device performance, and the optimized concentration is found to be 0.5-mol% for achieving the enhanced device performance.
The current efficiency is found to decrease with the increase of dopant amount in the EML, which is contributed by the dopant molecule's aggregation quenching. In addition, the electron injection efficiency is closely related to the difference of LUMO levels between adjacent two organic layers. The barrier height between the EML and the HBL is 0.3 eV to inject electrons into the EML for the device B, while the barrier height between the EML and the ETL is 0.7 eV for the device A.
Accordingly, the efficient electron injection is assumed to result in a balanced holeelectron pair recombination. As a result, the external quantum efficiency of the device B is higher than that of the device A.
EL Spectra of devices A and B are also found to be different as shown in Fig.   3 (b). The peak EL emission of the device B is 472 nm, while there is a shoulder at the wavelength of 508 nm. It is only the emitting of DSB molecules due to the hole block effect of BCP between the ETL (Alq 3 ) and the EML (DSB). On the other hand, the center wavelength of the EL spectrum of the device A is about 480 nm.
Meanwhile, the second peak emission at 512 nm of the device A is higher than that of the device B. We assume that the second peak is attributed to the EL emission from Alq 3 molecule, which is used as the ETL. The PL spectrum of the Alq 3 film is also shown in Fig. 3 (b) , whose peak wavelength is located near the second peak of the EL spectrum of the device A. can reach about 160 MHz, which is the fastest reported for fluorescent organic films.
In conclusion, we have investigated PL and EL characteristics of short FL films.
The FL is only 1.2 ns for this blend film when the content of DSB in CBP is 0.5-mol% . Utilizing the DSB doped CBP film as the EML and BCP as the HBL, we have developed the highly efficient blue OLED, and the maximum luminance of 16500 cd/m 2 and the maximum external quantum efficiency of 2.2 % have been obtained.
Furthermore, we have realized that the -3 dB cutoff frequency of the optimized device and the PL of the DSB film are 3 MHz and 160 MHz, respectively. The potential application of the bright blue device for optical interconnects is also demonstrated. 
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